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Iphemeral active regions, solar cycle, megnetic fie ld. on the sun

~~ Ae S t R A C ?  rC.,nunu. on ,.a~pa. ad .  if necSaS.P7 and Sd niafy i.v bI’,~~ nu*i~#a)

~ General properties of ephemeral active regions were studied using t itt Peak
daily magnetogrems from Apr .-Nov. 1975. Although thi. interval was prior to
sunspo t .t~ ia , ephemeral regions related to incoming cycle 21 were already
more numerous than ephemera l region. related to outgoing cycle 20. The
tran sition between the old and new solar cycle was identified by a reversal
of the statisticall y dominan t orientation of regions and sometimes by a
minimum in the latitude distribution where adjacen t cycles overlapped . -~~

During this interval the transition between cycle 20 and 21 was at Nl8 and ~2’~ ..-~P
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~~~~~ C~~~.r tag ibis 1~7S data with pvevl os ly studied dat. f rem LVO --I 1973,

we find evidenc, that incoming cy c le 21 sea alr eady prs.sui em the me at mi ddle
and high latitudes in 1U3 end t~70. $atr.p.Iattag backward ~ d f orward 1.. it~~
from the.. thrss periods, we find that it is cwei..bte thai twe solar cyclon

be present em the owe at .11 i l .  it appears that further .i.tt.ttc. I
studies of ephemeral active reline me, yield L~~~-iaem prs sttic iat.swattes
on the f~stare cou rse of .01k, activi ty .

The bi r th , dsselp ,.. tut ,  and decay of individual erph~~~raL region. were
/ studi ed from fine-scan .aret.grne taksa on 1.3 Oct. LU~ . t i-H soy. l~ ?~ • -

~~~

/ 17 Jan. l97~ at h i t  Peak Observatory . The Oct. dais is choracta ,t d W
spat ial resolution .1 O. 75~ ~~~ a Low mote. leveL , 2 GlO.7~N.~~Ja ~~ i&. set Sf

( data the birth rat , of .pkne rst legions is 1 per hour p.r 10 be . it ibis
rate is typ ical of l~w latit imps .pp,onisst. ly 300 spb rsl regieme are bore
per hour between $30 ’ and $30
— -) Th. birth .1 90 spbnera l regions was rscerdsd. Pri er to the birth .1
regions , .aistlng ueivorh was f ound to disappear or show * mar sL dtsptst et.
Th. growth end decay rates of reg ion, were c~~~er b*.. 1* the decay tag phase .
sons item d ents staply disappeared; eons merged with matwait or ether
elements of region , of similar polarity ; se c.lhtdsd and •i *Ion.nely
disappe ared with network or elements of othe r regions of oppos it. polarity .
All clear ly identifiable ephe ra l regions dissipata d by the.. pr~~.sses wh ite
continuing to ezpend. ~~loms eli adj acent f Isa elemsat. .1 uppo.ita polarity
appeared to shrink enCV~cq in a manner c~~c:ite to th. birth of regions.
However , in none of these cases vet, the bipoles obse rved st birth , on
obe.gv•tton which would confirm the ir idesut ificatton as epihe ral regions.
Mince , no pooitivs evidence was L owid by which any subse t of epk ra * regions
could be interpreted as being a pbes~c~~~~~ differ ent from active regions.

/

2 Unclassified
S(Cu~~ITY C~~*ISuç•CatIoN 0~ YNIS ~ *GE~~?an  Dat. Enf.,.d)

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- ---~~~~~~~~~~~~ . - —

Pr ef ace

Thu study conattiviss further research on th. osb)sct of
activ, region. wh ich via isitisted und.r UCSl. Contract ~I%~~-7).C.OIM by
the presen t authors wham ibsy were ~~~t.yod at the Lockheed isis, Observatory
by the Lockheed lis.11es ad ipac. Co. The liii.. of the previous psbIic.*tion
are : lph sral Active legion. (Marvep , I. I.., ad Nart ta . $. I .  (197)) ,
Ipher al Activ, legion. Is 1970 ad L~ 7) (larway . I. L , Marwoy J .  W .
Ma rt in, 1. 1. . l~7S).

The author. thank I .  Gillespie and 1. V. Marve y for the ir a.I isInc . is
acquiring new observatio ns during 197S and I97~ ad of I.. Sy.rs for pregreiag
and plotting the random dlstri betton a of active regions to l.agicmds.
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Part & - General P~~parti.s ad Trends ever iM is*.ar Cycle

1. lI ITlOSI~ Tl~~
£ study of epher.t active centers seasr i tag on the .~~ during .L ~~

&n~~~ was initiated to collec t mere iat.,wstIon on hsu the ni btr .1

.ph ral region. varies o a function of tine dur ing Lbs solar v 10 t t ~

determine the approntaat. ~~ •r preci en the ~~~te ~~~ a’ any t s.en ewitog

the solar siate . ad to test our ability so differentiate b.~~~.i ~~ me•r.*

region. a .oc isI.d with incoming solar cyc 1. from the.. ~e l.ted vs tb

declining .. l*t cycle.

in this section we f epof t on the statistical pr.periies .1 pherat
regions occurring during sin ciba of the current solar state ad c~~~.r.

thes. r esults with previous studies .1 iphe rat region data (rem peried s of
simi lar length in l~~70 ad 1973 (*arvey , ia~~ey ö Mar t in . 191S) .  The dais
studied includes all spk~~~ ral active region, ad active region. i~~~~t i(iabL e

on tb. h u t  Peak daily megn.tegrne and /or list.d in the Nc$sth C.lciwe P~as.
tables In ~~jj~ ~~~~~~~~~~~~ ~~~~~~~~, from April ta Ioeemb.r *f l ~ . *~~~v.r . so
h u t  Peak me$netogr . wer , avai lable from st *0 to October 2 . it7 ~ .

Mince , th. period studied is representative of • b eth rath er than an $ senib

interval during th. solar state.
The HclIath plago tabulati ons inc luded a cli fraction of a ct ive region.

with lifetime s of only on. day which were else identified as ephersi regions

on the hitt Peak a.gn.togre. This r.dundan t s~~~ le of Ncil.th ephersi
regions was rev-ed f rau our now tabulation s of ephera l regions c~~~itod
from h u t  Peak aagn.togras to ~~~e the data s~~~ les emlua l ly eec lusive .

2 • $I*SU DlStl1luTlQN AS A fl~~CT1~~ OP TUS

During 1975 , substantially f ever eph eral regions were visible on the

sun than during 1973 or 1970 consIste nt with the general decline in the total
nunber of long-lived, sunspot-producing, active regions durin g solar cycle 20.

This declin , in epheral regions is graphically illustrated in Ft p .  I in

c~~~ari.on with the sunspot nombere for solar cycle 20. The sunspot nembers

are the oothed daily Zurich sunspot nembers as published in Solar G.o~hysical
Data.
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The ~elatt~~ aunber of ephemeral reji~~ . dur ing tha C santa
studied is given as the veriL al •cale en the ,l*~i I.e ?I~~. 1 a t ..  lad .~~h
that the .ph.sagat  regions dur Ing 1910 b.~ e .por.ssaacely lb. .~~~~~ ~~~~

as the Zuri ch Iscotbed suaspol sunh -r for lAst isla i~~.l 5. aI%~~~ W lbs ~.‘tic.t
coordinate on the left. To sh iv, at coiret i .~~5( I v O  -~~~~~ If• f * s l
regions for fIg. 1. i t  via socaassry to dc~~ a Ø  a ... p~~c of the
magnetogre taken with 512 ch~~~el esoolograph to the apparent • setwilas
.1 the ‘.0 ck~~~.l ~~~~stngv (ron 1910 ad 191). Th. d~.’s4sng .a.

accoupliakod by averaging every 4 picturt •t...~~t .. is 2 $ I .s,..~ . ...

a s~~~~L. .1 10 daIly nessetogre. after  dsgrodtag. II vi. fo n d that
factor 2.1 fewer eph ual region. cauW be identified.  fbi. facto, *s. tben
sult ip t ied  by the :~~±- rs of .phersl regions previously “por ted fu,  1970
ad 1973 to arrive at c~~~~r.b%. n~~~ers foe Its. I.

As illustrated in fig. 1 . we fed that on en ever.s., at any sivul t~~

112 ephemeral regions were present on lb. whole ...- der ia l9fl. Ibi s sb,r
1. strongly dependen t on th. quality of the daily .sv’.toør ams v’~icb ~ a

function of instrunental resolution and staospbsric I~~~. qua l Ity . 1. (u.. - .

magn eto~re . taken dur ing period s of very $ood .t*c ophe~~it Image qual ity , v.
find that we are able to identify several t Imes a. ~~~y .pi .s.r .~ region. per
unit  area thai on caupar able sections of the d..tly esv~~to$,an.. $.~~~~c . there

may eas i ly be as many as 500 e$scra l regions on the un at y t i m e  detIn~
solar ninie nd a corr..paud5n~ly gr eat er nunber during solar me’Io which

would be identifiable in uagn.togron. having • .p.t~.I r..Iution of •bo t I
arc sec.

Obr previous papers contain contr.dictory evidence regard ing th. changing
nunbers of ephera l regions as a function of th. sola r cycle. In our tr&tt .l

investigation of ephemeral regions (Marv ey and Martin, 1913) , ye prepared •
graph showing change. as a (unction of time In the small .~~~ l. of ephemeral

active regions contained in the PlcMa th Ca piage ta bu lation s of large active
region. published in Solar Gap~hy .ical ~~~~~~~~~~~ The graph show s the epIiea.ral

regions to santaize during solar state, an apparen t contr .dictton to the
results shown in Fig. 1 which were derived from h i t  Peak daily sagnetogrone.
This discrepancy is also seen in Pig . 2, where the shortest-lived region. seen
to be increasing toward solar atnie. We now suspect that each graph may
contain valid information and that each graph may not be a cosuplete
representation of the changes in the nunbers of epheral regions as a
function of t ime .
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Fig. 2. Lifetime distribution of active centers (regions ) a. determined frem
caiclon plage data tabulated at Ndimth -llwlbert Observatory and published La
Solar G.oçlaysjcal Dat a. The intervals illustrated are &pr . 4.p. 1970 , l~ 73 ,
and 1975. The 1975 data has been corrected to Identify only sing1, bipo lar
magnetic field un its as seen on th. daily magnetogrens from htt t Pe ak Observato ry .
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lbs aba.en~ e of a .i Is 1* epheenial ~~c~~~i - s  d. ~~~~ •~ at  a..o I~~~~ ta tat

Ca pu g. tabu lat ion. Ia Fig. 2 -an be •itribeiad ~ IA. attttos$ip that
observers face is diff.restiatii 1 ...c .c c- - .. , d~pi~~ct t ~~.d ~~~~ c,wi~~e~ c . ’~p ..

and small c Lsmpt~tga of plag. which ire lb. dt .  c~ ‘ad ic-n i . . 0$ ~~~~~ a~~l*~~t

region.. ~~ ~t.ve mad. several •it~~~t. to Identity rpb ral 
~~~~~~~~~~~~ 

on C. 1$
I ittergiens med epectrohettogren. and toter cMc11 4 ma. ca~iIs a , . . ’.

We fo~~~ tbmt our I *.nti fi..i~~*-. ~u c I  asly on C. 1$ ¶$$Itt ~~ en-i

were only about •
~~~~~ correct. n.aly Ior~~~. bright .Ø-cn..r.t ~~~~~~~~~ t e l

venally be Id.nlitiod is arsie ~~are the denal ty ~~~~~~~ S $4 -~~Ih .1 .t ~~ve

r agLan r.enant s I . tow . ~ousviW . bright t$ va1 ~~~~~~~~ $~
bri gh t plag. oft.. c: be disti~~~ Ishod (ton t i p  wsipst*~ C.’~~~. $ p

~a4i
.

Weak .pha..rat re~ ton .  eta  eves enr e d i l l icui t  to (e*uuct ty d I U s , e I t S e t .

f von toipolar fr ~~~~.ts of active region.. Ib~. pi bt .~ ~~~~~~~ ~~r the
absence of ephemeral regioni is the P~Pisth Plag. tabutat ia s. du,t .-~ . 1.’
n*iais ~~,n meat of lb. s a n  4$.s is covered ~~ tb ~~capad ~~~~~~~~~~ a

regions. Nowevar . this enplaia t ios dove not e..  ~..nraly • 1st the a~~; a n a p ~

aaiw is ephonaral regions is lb. PlOI.th Piage tabel.t ; .- .  dorisi .. a t

site. Is the 1975 data we h.ve f~~~~d that . i.. ~~ir ~f i~~~~~~eat  ~~~~~~~~~~

apparently associated wit h the incoming solar c’pc$. es r ed .  the e sbir •I
ephemeral region. from the outgoing cycle ~Si.. I). ThU . duriss solar a.- n u t

• secondary ems Ic in the nshe r of e~~~~~~raI regions net .tcs, a. a t e a -

of sign ifican tly large cont rI bu t ions  Iron t~~~ solar c,~~~e. bei~.. s n . .

presen t on the son. Such a bypothe.ised ..cend.ry maile wou ld r*ot appear in

fig. I because of insufficient s.~~~ling of •t - - s u .T . :  r a glan dat. aver *

sufficien t ly long time b... .

in FIg. 3 we show the distri bu tion ~~ d relative r. . .a~ w r .  of • - ~ea.,a !

active region, aid ctive regions bp solar rotation from April to ~~w.sbrt
1975 (hotation 1624— 1635). The antIcipated tr~~~ . a d c  I.e in  t~~. i-,u.,be t
of all long-lived region, related to the outgoing solar cycle wi
in the naibier of active regions •e~~~iatad wi th  the lacomina solar cycie.
However , th. total n ber of ephetal regions . sSa”~~~a t e 4  w i th  beth the

outgoing end incoming cyc le. , seesa to be increasIng dur ir . this Lnter -ve~~.

The increase in incoming cycle, regions is not surpr ising .tr’ a new c’yc~ .

.wspot. were also beginning to appear. Scier , the apparent incre s*e i n
outgoing cycle ephemeral regions was not erpected. This nay be due siapty to
a teeporar y fluctuation in the sun spot nonbers thin g this Inte rv al. A very

S
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sur pr t.ing result 1’ that the new L)~~l• ephemeral region s outnumbe r the old
cycle ephemeral regions In both hemisphere.. Thus , there is a higher rat io of
ephemeral active regions to active regions for the incoming cyc le than the

outgoing cycle.

The r ela tiv e  numbers of new aid old cycle regions In each hemispher e is

shown in 115. 3. New cycle active region. are slightly mere numerous In the
northern hemisphere than in the sou thern hemisphere while  old cycle active
reg ions seen to be nearly equal in number in both hemisp heres.

in the northern hemisphere , major new cycle regions have caught up with

th. old cycle region., while in the southern hemisphere , major incoming cycle
reg ions are still Lsggln*i major ouL~ o ing cycle regions. Hence , It is evident
that the solar sLa te measured in terms of traditional solar pareters oust

take place af ter November t91~~~. The solar stni~~~ defined as the time when
the sunspot numbe r associated with the incoming cycl,  exceed s the numbe r

associated with outgoing cycle , occurred around or al ter December 1975.

However , a solar •tnie in terms of re lati ve numbers of .phe.eraL regions

assoc iated with the incoming and outgoing cycles oust have occurred sometime

prior to the beginning date of this study , probably in tat. 1974 or early 1975 .
This means that an epheral region ulnie occurred about one yesr or mere in

.dvw.a of La. solar utnie as t r a d i t i on a l l y  defined . H, suggest that valuable
prognost i c information about th. course of the solar cycle ac tivity 

~z by found

through the continued •tudy of ephemeral regions.

3. Va.A1ATIONS lit &$l~~~UL MID ACT1VI &LCIONS AS A ?L~ICTI~~ OF LIFZTIJ’~

The di.t r ibution of the l i fe t ime,  of active region. for the months of
Apnil-Os tober I~ ,S i. shown in P ig .  2 in comparison with similar graphs for

1970 and 1973 data. Pu. to the continuous nature of these distr ibutions and
other reason s cited previously (Harvey .t al., 1975), we consider ephemeral
regions to be simp ly the emailest and shortest— l ived of ill active regions.

As apected , it is eviden t that long-lived active regions (~4 days) are

more numerous during soLar maximum. It is surprising , howeve r that the numbe r

of 2 day and 3 day region. seem to be more numerous during solar minimum (1975)

than during solar maximum (1970). This apparent increase in the regions having

lifetimes of 2 and 3 day s may be due to the d i f f i c u l t y  in iden t i fy ing  short-lived

regiona at toes outside of solar •int ~~a as discussed previously for ephemeral

tO



regions (1 day li fe t ime.) .  To be certain of this probabl. explanation nowever ,

identtf ~ catian s of shor t -iived regions shou ld be made using daily (or mere
frequent )  sagnetogr a throughout a whole solar cycle.

4. OLIIITATION

The identification of incoming cycl e and outgo ing cycle active regions is

traditionally made on the bas is of th . re lat ive orientation of opposite
polarities within a region. Por epheral active regions , however , th is
criteria is valid only for large statistica l . ples. This is due to the fac t

that the relative orientation of the oppostts polarities varies a function of

l i fe time as seen on Fig. 4. For regions with lifetimes ~3 day., the shorter

the lifetime , the more likely it is that the orientation of the bipole will be

random. Conversely , the longer the lifetime , up to about 3 day s , the mere

l ikely a region will possess (for most of it. lifetime) the se orientation

possessed by the majority of sunspots groups for the cycle and hemisp here in
wh ich the sunspots appear. ~~ longitud inal agnetogr ., the orientation of

active regions, ephemeral regions or sunspots can be establ ished by drawing a

line from the centroid of the peak of one polarity to the centroid of the peak

field of opposite polarity. In this paper , we arbitrarily defin, the direction

as going from positive to negative and identify the direction with an arrow.

The angle that this arrow has with respec t to a line parallel to the solar

equator establishes the orientation of the primary bipolar components of a

region. To simplify the task of determining orientation for thousands of

ephemeral region., all region. were visually divided into 8 orientation bins
0each 45 wide with the bin boundaries being the sane as the 8 points on a

compass with solar coordinates: N , NI , 5, SE, 5, SW, H, and NV. With this

system we could rapidly visually estimate and tabulate the orientation of all

ephemeral and active region s in this study for which magnetic field information
was available.

The orientations which follow the Hale Law of sunspot polarities for the

current solar cycle, also are shown on the left side of Pig. 4. ~t is seen in

Fig. 4 that almost all region s having lifetime s greater than 2 day s have proper

orientations according to the Hale Law. aegions having lifetime s of 2 and 3
days tend to have more proper than reverse orientations. Iphemeral region. have
nearly rarni om orientation. with only a slight tendency to favor the proper
ortentatioi~e of the cycle and hemisphere in which they occur, it is a lso seen

Ii
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that the high latitude cycle 21 region, of 2 and 3 day ilts tias s tend to be

more ra.~domly oriented then the 2 and 3 div reg ions from established cycle 20.

A lik e ly exp lanation for this difference is that high latitud e , cycl e 21 regions

may tend to be shorter-lived on average than low latitude regions.

Fr om a study by Heart (1970) we know that even long-lived region. in it i a l ly

appear with random orientation, and t~at the proper orientations according to
the Hale Law are usually established in the first day of development. Thus, by

compari uon , with the ephemeral regions , we can surm ise that the orientat ion
behavior of any active regions in its irst or second day may be an indicator

of how long-lived the region will ultimately be. The behavior of all active

regions in their first day of development is a subject which should be stud ied

further with high resolution telescope..

5. DIFFERENTIATING BENSEN SUCCISS1Vk~ SOLA& CYCLES

Prom the above, it is obvious that we cannot identify individual new cycle

ephemeral regions from individual old cycle ephemeral regions based on the

relative orientation of opposite polarities. However , the statistical trend.

of a large sample of ephemeral regions as a function of latitud e and a~ a
function of orientation do allow us to identify ephemeral regions associated

with both the incoming and outgoing solar cycles. In Fig. 5, we show the

latitude distributions for 4 groups of active regions: long-lived , 54 day s;

short-lived 2-14 days; 1 day (ephemeral) regions from the HcNath Ca Liege

tabulatic.n ; and I day (epheinerel) regions tabulated from the Kitt Peak daily

magnetograms, exclusive of the I day PicPlath regions.

Both groups of ephemeral region, show maxima in these distributions

corresponding to outgoing solar cycle 20 within 12
0 north and south of the solar

equator and maxima corresponding to developing solar cycle 21 around 370 north
and south latitude. For outgoing cycle 20 , the ephemeral region maxima
correspond to the maxima in the latitude distribution of long-lived region..

However , for the incoming cycle , the ephemeral region maxima tend to be at

higher latitudes than the maxima in the regions with lifetimes equal to or

greater than 2 days (Fig. 5).

The long-lived regions show little evidence of the incoming solar cycle

while the short-lived regions show substantial numbers of regions associated

with the incoming solar cycle. Ephemeral r~gton maxima associated with the
incoming cycle are nearly equal t~ the maxima associated with the outgoing cycle.
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Fig. 5. Distribution in latitude for active regions in several lifetime
grouping for Apr.-Nov. 1975. Mid-latitude peaks corresponding to incoming
solar cycle 21 increase in amplitude with shorter l ife times more rapidly
than do region s associated with outgoing cycle 20.
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This trend merely illustrates the well known fac t that the earli est re gions

to appesr in a new solar cycle are usually short-lived. It is an important

point to reiterate , however , because i t  is now eviden t that furt he r study of

ephemeral regions may yie ld long-term prognostic information about fu ture

course solar cycles. Consequently it is also important to know how well we

can statistically identify ephemeral regions with a particular solar cyc le.

The new cycle and old cycle component. of ephemeral regions are usually

distingu ishable in data samples as short as I solar rotation. In Fig. 6,

ephemeral regions for solar rotation numbers 1627 through 1635 are shown

excluding rotation. 1631 and 1632 because in.ufficient data were obtained in

these rotations. Also , rotations 1633 and 1635 were incompletely sampled.

Rotations 1627, 1628, 1629, 1630 , 1633, 1634 , and 1635 show dist inct  high
latitude maxima between 30

0 and 440 south in either or both the northern and
southern hemisphere. All four maxima , however , do not necessarily appear

clearly in data sample. taken during a single solar rotation.

The two incoming and two outgoing cycle maxima can be seen more clearly

when the entire data sample is divided between region. having the proper

orientations (conforming to the Hale Law for sunspots for cycle 20) and reverse

orientation, as illustrated in Fig. 7. Subtracting the reverse orientations

from the proper orientations as in Fig. 8 more clearly shows the statistical

tendency for ephemeral regions to conform to the Hale Law for sunspot polarities

and hence differentiates outgoing cycle from incoming cycle regions.
On the basis of the minima in the latitude distribution between region.

associated with the incoming and outgoing cycles, as well as on the reversal

of the majority of regions in orientation at these minima, we have found for

the northern hemisphere that the incoming cycle regions are more numerous north

of 180 and outgoing cycle regions are more numerous equatorward of 180. For

the southern hemisphere , the transition between incoming cycle regions and

outgoing cycle regions is at approximately 24° south latitude as illustrated

by the distribution in Fig. 9. The apparent broadening of the latitude

distribution of active regtone~ when considering active regions of successively

shorter lifetimes, suggests to us that there is probably no sharp cutoff

between reilions associated with the incoming and outgoing solar cycles. The

distributions of ephemeral regions and short-lived regions from adjacent solar

cycles seesi to spatially overlap. This property is difficult to reconcile with

the Babcock (1961), Leighton (1969) and Parker (1970) dynamo models of the solar

cycle.

~
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6. D1STL1$UTI0~ OV ACTLVI UGI(*S LW LONCITUDI

In this study , as in the prior study (Harvey et a I . . 197S), we find no

preferred Longitudes for the occurrence of ephemeral re gions during tt~e sis

months studied. However , because of the iaporton~.. of th. concept of act ive

and quiet longitudes we extended th is part of the study to further Invest lgat*

the questions of whether eph~~~ral regions tend to cluster around lonj.r-ttv.d

active regions and whether or not active r.glona tend to rsp.at.d ly occur at

nearly the .~~~ longitude more often than would be expected if ths regions wer e

randomly distributed in longitu de.

Using the life tim, groupings 1 day (~ ttt Peak), I day ($cj lath) , 2 and 3

day, 4-14 day. 15-54 day mid >54 day , all the regions were plotted rotation by

rotation as a function of Carrtngton longitude. In overLsyt~g thea. plots in

all combination s , we found no tendency for short-lived regions i.e cluste r around

longer- lived region..
To test the question of whether active reg ions , short-lived or long-Lived ,

repeated ly occur at the same longitudes , the data was replotted at randomly
selected longitudes and randomly chosen rotations in the same for at as the

real distribution . In P ig. 10-14 th. randomly plotted regions are shown
adjacent to the r eal data. We conc lude that the position s of birth of all

active regions are non—systematic in solar longitude.
Because the above tests yielded clearly negative results , it app ears tha t

the active longitudes , that are so f r equent ly displayed in 27 day recurrence

diagrams , are just a natural consequence of plotting a random distribution of

data which has a long—lived component. Replotting each long-lived region in

Fig. 14 at 27 day intervals throughout their l ifetimes yields apparen t active

longitudes as shown in Fig. 15 for both the real data and the randomized data.

As one further  check to see whether ther e could be irregularly shaped ,

unusually act ive tones on the sun, we made plots of latitude vs. longitude

disp laying both l ifetime and orientation with syabols. In overlay ing plots

from successive rotation s , we found no evidence of active zones or areas where

the orientation or distribution of region. differs from the patterns already
discussed.

7. THE PROGHESSION OF SOLAR CYCLZS

The presence of large numbers of ephemeral active regions associated with
both the incoming and outgoing solar cycle, in 1975 allows us to make predictions

20
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about future observations of ephemeral regions, the future course of solar

activity in general , and to reinterpret data acquired in previous years (X—ray

bright pt. and ephemeral region data).

In Fig. 16 , we re-examine the lati tude distribution of ephemeral regions

for 1975 , in comparison with similar distributions for 1970 and 1973. In

retrospect we can now see evidence of high latitude maxima corresponding to

the new solar cycle 21 both in 1973 and in 1970. During this 5 year interval

these high latitude maxima seem to remain centered between 370 and 440 in both
the northern and southern hemisphere. However, this doe. not mean that there

is no equatorward progression of these max ima , although it does mean that

possible equatorward progression would be slow , 1.4 degrees/year or lees on

average. Indeed , during this same interval in 1975, the equatorward progression

of the low latitude maxima was slow -- about 10 per year as measured on a
“butterf ly diagram” (Fig. 18). Additional evidence that these high latitude

maxima belong to incoming solar cycle 21, as far back as 1970, can be seen in

Fig. 17. In Fig. 17 reverse orientation regions (i.e. , reverse orientations

S to the Hale law of sunspot polarities for cycle 20) are subtracted from the

proper polarity orientations and shown as a function of Latitude. Low latitude
regions have a dominance of properly oriented regions which changes to a

dominance of reversely oriented regions between 180 and 300 north and south

latitude. These first significant reversals of the dominant orientation occur

in the northern hemisphere around 300, 240, and 180, respectively , for 1970,

1973, anc 1975. In the southern hemisphere the reversals occur around 24
0

• during these periods. These reversals are just about halfway between the new
S and old c)rcle maxima in the latitude distribution . Polewarci of these reversal,

in the dom inant orientation regions may either be proper or reverse on average.

The fluctuations in dominant orientation near the poles may be an indication

that the pole-ward ephemeral regions are on average shorter-lived than the low
S latitude ephemeral regions. As illustrated in Fig. 5, the shortest—lived active

S regions tend to be more randomly oriented,

Now that we have evidence that ephemeral regions related to solar cycle

21 were pr?sent in significantly large numbers at middle and high latitudes

in 1973 , w’1 can offer a reinterpretation of the x-ray bright points which are

the x-ray counterpart to ephemeral regions. Upon examination of data taken by

the S-054 -ray experiment on board Skylab, Golub et al. (1975) have interpreted

the total x-ray bright point distribution in latitude as consisting of the sum

L k .~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . S S S S 5~~~~~~~~ 
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of two different distributions, in their interpretation , one distribution

corresponds to ephemeral regions related to solar cycle 20 and the other

distribution corresponds to another kind of feature distributed uniformly

over the whole sun. In re-examining the 1973 data, we note again (Harvey ,

Harvey and Martin) that the x-ray bright point distribution is very similar
to our distribution of ephemeral region. for 1973. We now suggest that most

S x—ray bright points seen at high latitudes are probably identifiable with

ephemeral regions related to incoming cycle 21 instead of the hypothesized

uniform distribution of some other solar phenomenon.

Thx e study causes us to ask the question , “When do ephemeral regions of
a new solar cycle first become visible?” Unfortunately , we cannot extrapolate

prior to 1970 wi th any great certainty. Before 1970, magnetograme of

sufficiently high resolution to detect ephemeral regions, especially at high

S latitudes , were not being taken. However, we can re-examine the “butterfly”
diagrams of the last solar cycle , in the light of oui new information on

ephemeral active regions, and attempt to make a reasonable extrapolation.

From our latitude distributions, we know that ephemeral regions of the incoming

and outgoing cycle have overlapping distributions. Also , we know that these S

distributions seem to extend to the poles. Hence , a butterfly diagram such

as the one in Fig. 18 (courtesy of R. F. Howard, 1976) would look quite different
if it included ephemeral active regions. A complete butterfly diagram would

have no ampty spaces and the “butterf l ies” would be areas where there would be
a higher density of regions (magnetic flux). A zone of minimum density migh t
be present between successive solar cycles (dashed lines in Fig. 18). For 

S

purposes of extrapolating , we will assume that the distance between the latitude

of max imum sunspots and the transition zone remains nearly constant. It was

S approximately 17° for 1970 and 1973 in the northern hemisphere. Extrapolating 
S

backwards in time parallel to solar cycle 20, we find that the transition zone

between cycles 20 and 21 could have been around ~~~~ north and south latitude

in 1966. The latitude of max imum activity for the new cycle , if present , could
have been anywhere poleward of the transition zone, possibly near or polevard

of 670 if the latitude range of this cycle remains about 35° or greater.
Although there is great uncertainty in thi. extrapolation , it is readily

conceivable that two solar cycles could be present on the sun at all times.

Using the butterfly diagram in Fig, 18, we can also estimate how long
ephemeral regions belonging to solar cycle 20 will continue to be visible at

L 
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near-equatorial latitudes. On the transition line (dashed line) between solar

cycle 19 and 20, we can place points at N18 and $26 corresponding to the

transition zones found for the 1975 data. We find that these points occur

during 1964, one solar cycle earlier than 1975 when the northern hemisphere

display. again clear evidence of the presence of two cycles: outgoing cycle

19 and incoming cycle 20. We also note that at this time in 1964, the southern

hemisphere activity was lagging the northern hemisphere activity by approximately

one year, as was still evident in 1975. Following the transition line between

solar cycles 19 and 20 to the equator , we estimate that ephemeral regions from

solar cycle 19 could have continued until 1967 in the northern hemisphere and

until 1968 in the southern hemisphere. 11 1975 activity is comparable to 1964

activity , we can predict that ephemeral regions from solar cycle 20 may continue
to be p roduced until 1976 in the northern hemisphere and possibly until 1979 in

the southern hemisphere. Since active regions from solar cycle 20 seem to be

progressing towards the equator more asymptotically during solar cycle 20 than

in solar cycle 19, ephemeral regions from solar cycle 20 could be observed even

further into the future than we have predicted.

From the above extrapolations , it is evident that 3 solar cycles could be

present on the sun during solar minimum; the oldest being i.n the equatorial

region , a dominant one occurring at mid latitudes, and a new cycle beginning

in the polar regions or at high latitudes. We suggest that further work , both

theoretical and observational , needs to be done in order to understand the

obvious roll that ephemeral regions are playing in the development and decay
of solar cycle..

8. RECO~~~ NDATIONS FOR FUTU RE STU DiES

Long-term investigations

An observational program should be initiated during the current solar

minimum to see if ephemeral regions can yet be detected in the polar regions
or at high latitudes and identified with solar cycle 22. If negative results

are obtained , the program should be continued yearly until the start of solar

cycle 22 is identified. After detection , it would then be desirable to follow

the development of the new solar cycle to determine the numbe r of regioi~s
produced , the latitude spread , the rate of equatorial migration , and the extent

to which the newest cycle overlaps in latitude with the active regions related

to the dominant cycle (21).
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Studiet. o ephemeral regtomts may yie Ld important prognosti. int ormation

on the course of solar cycles years in advance. A ‘Maunder minimum ,” in which

long-lived sunspot producing regions are absent , could again occur in the

future. Such a “Ilaunder minimum” might be predictable if enough information

S 
is collected on the early development of solar cycles through the study of

the ephemeral component as well as the long-lived component of solar active

regions.

It is evident from this study that a “Maunder minimum” does not

necessarily mean an absence of the solar cycle. There could be solar cycles

in which the total number of long-lived active regions is very much smaller

than in recent cycles, in this case the solar cycle could continue much as

we know it but only observable in the form of ephemeral active regions.

Short-term Investigations

Another area of investigation suggested by this study of ephemeral active

regions is the extent to which solar flares are related to small and large

active regions developing within existing active regions. As illustrated in

Fig. 1, both ephemeral and long-lived active regions increase enormously during

solar maximum. This greatly increases the probability for the interaction of

separately developing active regions. Our suggested study of the relationship

of solar flares to the interaction of regions should have two parts: (1) flares

occurring in the ininediate vicinity of newly observable magnetic flux and

(2) flares which occur in the nearby vicinity of newly appearing flux. The

time scales and precursors of these two subsets of flares could be quite

different. This study could be initiated using the limited number of

time-sequences of high resolution mnagnetograms that have been taken since 1969

at various J. S. solar observatories since about 1969.

New pro~rans should be begun to obtain high resolution observations of

the evolution of all components of the magnetic field in conjunction with high

quality observation of flares at visible wavelength. There is hope th.st the

study of the interaction of magnetic flux from separate active regions in

various states of growth and decay may yield more specific information useful

in flare prediction.
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Part II - Characteristics of individual £phemeral Active Region.

I. INTRODUCTION

It has become increasingly eviden t through our several studies of ephemeral

active regions that their emergence is a frequent occurrence , and that these

small bipolar regions are just small active regions. It is therefore probable

that much of what we have learned and can learn about the birth of ephemersl

regions may also be similar for the longer-lived active regions which are much more

difficult to record at birth.

in our initial investigations of ephemeral active regions , we first

observed and studied the birth of 8 of these small bipolar regions (Harvey and

Martin , 1973). We found that these regions (1) had a total magnetic flux
+ k— !) of 1019 

- 4.7 x io20 
Mx with average flux of io20 Mx , (2) extended

over 2—4 x 1O
4 

km , (3) expanded with an average speed of 1 km e~~ , (4) first

appeared in hoC about 30 minutes after the onset of the region , (5) developed

adjacent to existing network fields , rather than co-spatial with the network.

In this part of our investigation we have concentrated on two areas of

particular interest: (I) the details of the birth , development , and decay of

ephemeral active region., and (2) the location of ephemeral region, in relation

to the supergranule , cell structure. These characteristic, of ephemeral

regions were studied using new observations covering larger area. of the quiet

sun and having higher spatial and temporal resolution than the data used in our

first study.

2. THE OBSERVAflONS

The time—sequence of magnetogzains and ve locitygrains analyzed in thi, study

were taken during three periods of time and on two telescopes at the Kitt Peek

National Observatory. All of the observations employed the 512-channel

magnetograph described by Livingston et al. (1976). Our first let of data was

taken during 1-3 October 1975 using the 512-channel magnecograph at the main

McMath Telescope. This data permitted us to study the dissipation and

deve lopment of magnetic flux with very high spatial resolution and magnetic

sensitivity . The magnetic and veloc ity data covered an area 3.2 arc-mitt

square at 7.5 minute intervals. The spatial resolution was O~75. The second

and th ird sets of observations were made at the Vacuum Telescope again using

A -~~~ -- - ~~~~~~~~~~~~~~~~~~~~~~~
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the 512-channel msgnetograph. ~uring the pertoos oi l9-~2 bov *bcr 1975 snd

17 January 1916 , we repeatedly nbserved an area 17.0 a Us .5 •rt min ~rntc :ed

on the central meridian at interval, of 12.5 minute.. Tb. spa t ia l  rr.ol tion

of these data was 1”.
For .11 of our observation s , the spectral line Ic 1 ~tM8 was u s d  to

measure the magnetic and velocity  fields. The instrum ent al noise leve l in

the magnetic field data is 2 C per (0~ 75) 2 b r the McMath data ~~d 7 g per
(l , , ) 2 for the Vacuum Telescope data. The data were taken at appropriate tnt~ r-vsls

of time to allow the subduing of the osci l la tory veloc i ty 11~51d when sub.equ -nt

velocity pictures were added.

3. BIRTh , DEVELOP 1’~~NT AND DISSIP ATION OF EPHEME HA L ACTIVE REG IONS

In Table I , we have sunr~arized the observations and the number of regions

whose birth , development or decay were observed. During the three period s of

observation 90 regions emerged~ 37 more were observed in a developing phss’ ;
77 were seen to decay or disappear. L)urlng the November period , the only

period where the sam e area of the sun was observed on consecutive days, 23
regions were born overnight (included in the above tabulation of region s

developtng) and 23 regions disappeared overnight. Because of the large numbc r

of regions in our sample , we decided to restrict our present deta iled an alys t .

to the best data. This inc luded the October 1915 data , January 1976 data , and

some of the larger regions observed during November 1975.

3.1. Frequency of Occurrence of Ephemeral Region s

The appearance of ephemeral active regions is a very f requent  occurrence.

During the October period , for example , an average of 1 region emerged per hour

per 1010 km2. If this rate of region formation is typical of the low latitudes ,

154 regions would emerge per hour between the latitudes N30 and S30 on the

visible hemisphere of the sun during solar minimum. ml. is a fac r of 2t
greater than expected from the statistical analyse. of the Kit t Peak dail y
magnetograms discussed in the previous part of this report (assumes an average

region lifetime of 8 hours). I-. is also a factor of 4 greater than the rate of

region occurrence observed with the Vacuum Telescope data taken on 17 January

197 6, date which has slightly lower resolution and magnetic sens i t iv i ty. With

better resolution and magnetically sensitive data , we observe more bipolar
regions. As far as we can tell we have not resolved the smalleat of these
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Table I

Date N~~ bur of legions 
- 

Obeervation. 
-—

•
1975 Fom Birth Decaying lorn Decayed Ar ,a Period 

- ~p s t i . t , Tias
Wa Ns a . Arc-s.c Ni.

—1 ~— —. ---— — 5 - S__i

Oc t 1 12 4 5  .7S 1.S

Oct 2 21 It t.’~ a l0L° ~~

Oct 3 ii 17 ~ tO’° ~~~~~ : . 15 7.5

Nov 19 5 4 2 .  lO~~ ‘ .~~ 1 12.
Nov 20 7 9 1% 14 2.5 • lOll 4.. I

Nov 21 5 6 12 7.8 x 10~~ 4.~ 1 1 .5

1976
Jan 17 29 ~l .8 10u ~~ I li.5

TOTAL 90 77 23 23

*During November we observed the sam. area of the sun on consecutive days; th .~
tabulations indicate th. number of regions which formed or disappeared overn ight.
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bipolar region., though pe~l~aps the ~. sI~ uns of fis~~ey and -i.ingston

U97b )  of bipolar elements tocate ~i ~*thin sup er gr asut e. : . awr  de f ined  th is

t int t.

3. . Pr~ -regton ~f t.cts Obs. Y r . :  in the Network Pie ds

With f~~w eaceptios s , eph.mer.. a~ttve region. •1*~~ t and a l t e r  the r * tsttn i~
surrounding network fin ds. (his occur. at sit stage . of a st- ~ ion ’s d.v~ 1op.ent

from j ust prior to emecgen~. until its  demise .
Tb. changes to the network fie lds observed just prior t~s region emergence

s.,. to occur in two form s : C l )  the di.solution of exist ing network f lux  at

the Locat ion the region is to emerge , and (2) th. shifting of network elements

away f rom the locat ion of the emerging region .
The iir.t change occurs when * region emerges precise ly at the location of

existing network , or in some cases . at th. lvcatton of *n existing bipolar

region. As shown in Figure 1 , prIor to the appearance of legion 81 , the
network (black) begins to d isappear. The dl.a~p ; . r c r  of the network f lux

occurs r egardles . of the sense of the polarity of th. part of the region
emerging in the network in relation to the network polarity . ne birth of a

region in networi fields does not seem to affec t the subsequent deve l opment of

the re gion .
in some instances a new region emerge. at the Io~ation of an existing

region . in wh i ch case we see the dissolution of the existing region , as for

e x p le legions 82 ard D~ in Figure 2. Invariably one po lar i ty  of the ex i s t ing

region will remain, though diminished f rom its original strength . a* the new

region begins to erupt. The let L-over f lux then appears to move to and Join

the new region f lux as happened wi th  the dissolution of W.egion Dl ana the

emergence of Region 82 (Figure 2).

The s h i f t i n g  of f lux  elements sway f rom the location of the emerging region

is not an infrequent  occurrence. One example of this  is shown in Figure 3.

In the 10 to 15 minutes prior to the appearance of the emerging Legion B’~, a

white f lux element located just north of legion 85 shifts northward at a

speed of 0.h km s~~ towards a black flux element, in thic particular instance ,

the motion of the network elements away from the emerging region appears to be
along the supergranular boundary.
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1807 1953

2047 2135

17 JANUARY 1976

Fig. I. Sequence of four magnetograms taken on 17 January 1976
showing the development of kegion BI. Polarity of the magnetic field
is represented by a c i. t ai re to the black or white from grey .
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• 3.3. Birth and Development of Ephemeral Regions

• The regions we have studied seem to show no preferences as to their point

5 of emergence in relation to the existing network fields. This is contrary to

the conclusion of our first study but our samp le of regions studied was small

(Harvey and Martin , 1973) and to the observation s of Zirin (1974).

We defined the ‘start’ of the region by extrapolating the growth curves

of the magnetic flux , area and the border expansion to zero or to the background

level. Our first observation of a region , i.e., when the longitudinal magnetic

field of the region became measurable , occurs 10 to 20 minutes after the

defined ‘start’ of the region. At this time a region is an average of 5” long,
5 4” wide and the opposite polarity peaks are separated by 2!.~6.

Figure 4 shows the rate of change of the total flux 
~l + j b-~ 

) and the

expansion curves (of the peaks and the borders along the major axis) of 3 regions ,

Regions Bi shown in Figure 1 and B3 and Bi shown in Figure 3. Along the major

axis of the region , the borders expand at rates of 1-3 km s~~. Often the

expansio i of the major axis borders was constant , as for example Region 83

(2 October 1975) shown in Figure 3. In some regions, such as Region BI

(2 October 1975), the borders expand at an initially high rate during the

first 30 minutes. During the subsequent development the rate of expansion

decreases. The peaks of opposite polarity in the region separate at slower

rates than is observed for the borders. The peak separation rates range from

0.7 - 1.. km s~~. The pattern of the peak separation does not necessarily mimic

that displayed by the border expansion.

The maximum total flux (~~+~ + ~
_
~

) observed in the ephemeral regions
studied showed a large range , 0.2 - 33 x 10

19
Mx. The average total flux was

3.3 x iol9 Mx. A maximum in the total magnetic flux curve occurred during our

observations for 957. of the emerging ephemeral regions and was reached from 0.7

to 3.5 hours after the ‘start’ of the region.

During the growth of the emerging regions, the flux density (total magnetic

flux/area, was found to increase by 10 to 60 G indicating that we were observing

the emerge nce of subsurface fields. The maximum flux densities determined for

the growing region ranged from 25 - 90 G.

The flux increases generally were linear if the region had a fairly simple

bipole configuration during its emergence and development , such as Region BI

(2 October 1975 , Figures 3 and 4). Region BI (17 January 1976). shown in

Figure 1 , illustrates an example of non-.linear development in a region. The
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S .  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~—-- -~~~~~~• -



19 ~TOTAL F L U X  (x ~O Mx )
‘O V

‘.0 ~sJ cf c’.j 0 ~~
- c’J

I I I I
‘44 N. I- 4 V 4 J 0

.a’ 0.~ - 4 0  Ux 
~~~4) .’4 -~~~U ~~~ V_ 0 0  . .~~~V .D O—

- - 14 0 1 4—O - 
5~~~~ .0 4
v.00~~~ •

s~~~~ u 4 s  ~~~~~...

~~~~~~~~~~~~~~~ 

~~~~

__ 

~~~

_ L___L2_ .~~~I~~~ I. _ _ _ _ _ _ _

—V 0 ‘
S.
’ — 0 14 • ~~ —~ Vm ~~-‘ H 4.’ 4~ ~~ ‘ In V C 4.’-) 

(\j O O < ~~r’~ 0 0 0 — 4 0N- (\J
— 0 Q

41 .0 0 0 0
.0 0 1 4 4 1 1 4 0 0 1 4 . 4
o~~4-~~~~~ 41 0 0 4 1 4)
0 00.0 0 -.4 0~~~~‘o C O 4 )~~~~ 0.O~~~‘I’ - - - 

~~ 0 0 04 )  C C 0 1 ~0 O.4 U 4J 0 0  VI - 4 1 4 0 0  0.IJ(0 • d 4.’ 4) 4) 0I •~~— 0 — . 0 1 4
,~~.’-’ 0 4J 4

• _
_ _  ~~:~il1uuI,

- 0 0 .4CsJ - -  - •  1~.’

14 C - ~ CI I I _ _ _ _ _ _ _ _ _ _ _ _ _ _  • I 
~~0 Li) 0 LU 0 Li) 0 Li) 0 (1) Q Li) Q 4’~~0w ~~ C O O— — — — —C’J

00 Q.~~~~0 . 4 ) 0 0  00(w>4~o Ix )  33NVIS IG -4 K

I 5~S j



initial emergence of the region was a simple bipole; the growth curves show

a linear increase in the measured parameters of the region. Within 40 minutes

the region reached a maximum and , during the subsequent decline , a resurgence

of the region occurred (indicated by the arrow D on the total flux curve of

the region shown in Figure 4). The flux , area , and expansion of the region all

show this effect. The rate of increase in total flux of an emerging region

was an average 3.4 x 1015 Mx s 1
. In individual regions flux increase rates

ranged from 0.6 to 7.4 x 1015 )~ $
54 

for the regions having a maximum total

flux of less than io20 Mx.
There is a slight tendency for the overall rate of increase in total flux

to be larger for the ultimately larger regions. The two regions we observed ,

which had total fluxes exceeding io20 Mx, increased at rates of 1016 ~~
20while the regions with fluxes less than 10 Mx had an average flux increase

of about 3 x 1015 Mx s~~. Referring to Figure 4, Region 81 (17 January 1976)

increased at a rate of 8.5 x 1O~~ Mx and was the largest of the four regions

shown in this Figure. Region BI (2 October 1975), the smallest region ,

increased at a rate of 3.2 x lO~~ Mx s~~. Regions B3 and 84 (2 October 1975),

on the other hand , illustrate that the relation of flux increase rate to the

maximum total flux of a region is not a consistent one. Both regions had about

the same total flux at maximum development , but reached it at quite different

rates.

We found two causes for changes in the orientation of emerging regions.

(1) The eruption of new and stronger flux in growing regions resulted in an

apparent shift in the orientation from that held previously. For example , the

orientation of Region BI (shown in Figure 1) changed 1000 with the eruption of

new flux in the region. (2) On the other hand , many instances were found where

significant changes in a region ’s orientation resulted from the migration of

the poles of the region. A good example of this effect is Region B5 (Figure 3).

The region initially emerged with its poles stradd ling the supergr anular boundary.

The two opposite polarity poles then migrated along the boundary is opposite

directions as the region expanded. A change in orientation of 600 was observed

over a two hour period.

• 3.4. Dissipation of Ephemeral Active Regions

The decay of ephemeral active regions seems to be a more complicated

• process than the birth and therefore the interpretation of what we are seeing

44



is more d i f f i c u l t .  During both the development and decaying phases , regions

are influenced by the motions of and interactions with the network fields

whereas during their initial eruption , this d ...d n.~t appear to be the case.

When a region is observed at birth or throughout most of its lifecycle ,

it is obviously a bipolar unit. However , where we have not observed the

emerging or growing phase , identification of a bipolar unit is not as easy

due to the proximity of network fields. Our selection of decaying regions,

therefore , was based on what we have learned about regions where most or all

of the lifecycle has been observed and on the behavior of opposite polarity

elements in close proximity.

We have noted several conditions under which flux was observed to

dissipate or diminish. Some regions were observed to merge with surrounding

network fields , either adding to the network flux when of the same polarity or

diminishing it when of opposite polarity. An example of this behavior is

Region 37 (3 October 1975) in Figure 2 and Region 81 (2 October 1975) in

Figure 3. Both regions, after their emergence , separated with the poles

moving i owards and into neighboring network fields.

In another case , the eruption of a new ephemeral region in the vicinity

of an existing small bipolar region resulted in the demise of the existing

bipolar region. This occurred in the area marked B3-84-D7 on Figure 3. Region

84 was growing at the beginning of our observations (see the total flux curve

for Regions 83 and 84 in Figure 4). About the time Region B3 appeared , Region

84 began to decay. As 83 expanded it apparently forced Region 84 into what we

have defined as a bipolar region D7. The positive (black) pole of Dl and Region

84 disappeared , leaving the negative (white ) pole of D7. The negative pole of

D7 later disappeared when it was caught between the positive pole of Region B3

expanding from the north and inf lowing positive flux elements from the south.

• The flux curves of Region D7 are shown in Figure 5.

The flow of flux elements into an ephemeral region resulting in the partial

disappearance of the region (and in some cases the addition of flux to the

region) has been observed in several cases , as for example , described above.

These flux elements are invariably small and do not cause the complete

disappearance of the region.

In only a few cases have we observed flux dissipation which resembles in

appearance the reverse of the birth process of a region . The poles of a region
move together at a rate of about 0.3 km while the flux and area is observed
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to decrease. Region 1)9 in Figure 6 illustratee this type of flux decay. The

total flux curve of Region 1)9 is shown in Figure 5 in relation to the total

f lux curve of a neighboring control area of flux. The flux of Region 1)9 is
15 — linitially decreasing at a rate of —6.7 x 10 Mx a and slows to a rate of

15 — l 15-1.2 x 10 lix s • These rates are compared with a decrease of 0.5 x 10 Mx

in the control area. When first observed Region 1)9 had a bipolar magnetic

field configuration with two strong peaks detected in the negative pole and

one peak in the positive pole of the region . During the region decay , the
northernmost peak appeared to shift towards the positive pole and away from

the other negative peak and to diminish in strength. During this period , the

positive pole also showed a decrease in flux , though it was not as large as

measured in the decaying negative pole. A rotation of 110
0 of this pole abou t

the positive pole was observed during the time of decay. 2.5 hours after our

initial observation of this region the decaying negative peak was no longer

detectec and the region flux (total) had diminished 3 x Mx. The decay of

one peak in a pole of a region , particularly if it is the strong peak , can

result in an apparent change in orientation of a region , through this was not

the case in Region D9.
15The decay rates of the f lux regions studied ranged from -0.7 to -8 x 10

—l 15 —lMx a , the average being -2.9 x 10 lix $ • When we compare this rate to
the rate at which flux emerges, we find that within the noise level of our

data flux disappears at the sane rate as it erupts.

3.5. Lifetimes of Ephemeral Active Regi~ns

The lifetimes of the ephemeral regions we have studied in detail vary from

as short as 2 hours to as long as 2 days. Only 35% of the 35 emerging regions and

5% of the 29 emerging regions identified during the October 1975 and January
1976 periods, respectively ,  were followed through their complete lifecycle
(from their birth to their disappearance or until they were unrecognizable as

a region). The lifetimes of these regions ranged from 2 to 7 hours. The total

magnetic flux of these short-lived regions is less than lO19Mx , where the
19average total flux of the regions we studied was 3.3 x 10 Mx. For a few of

the ephemeral regions, which were decaying but did not disappear , we estimated

the lifetime by extrapolating forward the total flux curve at its rate of change

in the decaying phase. Lifetimes of 10 regions determined in this way range

from 4 to 16 hours.
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There does appear to be a rough correlation between a region’s lifetime

and its maximum total magnetic flux. The smaller the total magnetic f lux the

shorter the region ’. lifet ime.  Conversely , the more total magnetic flux in the

region the longer the region will remain visible. The relation between a

region ’3 peak magnetic flux and lifetime for these sized region. is complicated ,

however , by the interaction of the region with surrounding existing network

fields or by the emergence of other ephemeral regions close by. For examp le ,

the development of Region B~. (2 October 1975) shown in Figure 3 
was arrested

and , in fact, reversed coincident with the emergence of Region B3 and the

interaction with another adjacent Region D7.
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4. SUPERGRANUL,ATION, NENORK FIELDS, AND EPHEMERA L ACTiVE REGIONS

4.1. The Relation of Ephemeral Regions to Supergranule Cells

In this phase of our study we have investigated the relation between the

sites of emerging and decaying ephemeral region, and the .upergz-anular cell

boundaries. Bumba and Howard (1965) first noted that active region, emerged at

the vertices where two or more super-granule cells meet. This ob.ervation was

further substantiated by Bappu et al. (1968) and Bumba et al. (1968). In

these studies use has been made of Ca II emission network to define the

supergranular pattern.

The problems in defining the super-granule cell pattern using the magnetic

field pattern (and consequently the corresponding Ca II emission network) is

illustrated by Fig~re 7. On each day of the October 1975 run, a sequence of
magnetograzn$ was made on a different area of the sun , each area quite different

from that observed on the other two days. On 1 October , the area we observed
was located in an old active region. As can be seen by a comparison of the

magnetogranis taken at the beginning and end of the day , the magnetic field

pattern changes very little. It is possible to outline the supergranule cells

since there exists a great deal of magnetic field network structure. On the

next two th y. of observation , the reliability of such a procedure drops
dramatically. On 2 October , at a location near the boundary of the old active

region observed the previous day , there is not enough network field to reliably

establish the pattern of aupergranular cells. On 3 October, at a location within

a coronal hole , the problem is hopeless. Therefore, it is necessary to determine

the supergranular cell pattern by measuring and analyzing the velocity field.
In order to determine the supergranule velocity pattern, our observations

were taken at intervals of time such that , when subsequent velocitygrasns were

added together , the effects of the oscillatory veloc ity field would be minimized

and the supergranule velocity pattern enhanced. Our observations were also

offset from the disk center so that the horizontal velocity flow of the

supergranules could be measured. Figure 8 shows the average background velocity

pattern observed on 2 October 1975. The supergranules show a pattern of black
(velocity toward ‘he observer) in the western part of the cells and white (velocity

away from the observer) in the eastern portion of the cells. Overlaid on the

velocity picture In the lower half of Fig. 8 is the pattern of cell boundaries

we have determined using apparent motions seen when projecting the magnetic

field data as a time-lapse film. The locations of region emergence are indicated
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Fig. 8. Left: two magnetogram. taken near the beginning and end of observing on
2 October 1975. Solid arrows indicate expanding magnetic cells. Dashed arrows
indicate focal points of inf lowing flux elements. Right: top picture is the average
of velocity data over a 4 hour period (1554-2001). The deduced supergranule boundaries
are shown superimposed. Bottom picture shows a composite of the deduced super-granule
boundaries and the locations of emerging region. (Cl) and decaying regions (L~).
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by squsr es and region de~ay by triangles. Two magnetograsns taken at the beginning

and at the end ot .ur observations are also shown.

it is apparent from 1~igure 8 that almost all of the emerging and decaying
bipolar regions occur at or near the boundaries of eupergranule velocity cell..

The regions emerged with fairly random orientations relative to the boundary

of supergranulee. As the regions expanded , the motions of the region ’s poles

was invariably along the super-granular boundary. This sometimes resulted in

significant changes in the orientation of the region , as for example in Region

85 (Figure 3) . I t  emerged at a boundary with an initial orientation of about

to the super-granule boundary . Over a period of 2 hours the region rotated

in a cou nterclockwise direction until the region was aligned along the

supergranule boundary .

Although elements of the magnetic network may be altered by the emergence

of epheneral regions and conversely , we have not yet seen evidence that the

supergri.nule velocity pattern changed due to the eruption of the small bipolar

regions. The supergranule cells deduced from velocity pictures taken at the

beginnirg and at the end of our observations show roughly the same distribution

over the area observed. However , Worden (1975 ) has observed changes in the

velocity flow with the emergence of new flux.

4.2. MotIons associated with Magnetic Network

The velocities observed at the location of network fields was consistently

downward in accord with the results of Tanenbaum et al. (1969), Frazier (1970),

Mu sman and Rust ( 1970) , Deubner ( 1971) and Worden ( 1975) . The notion s of the
network l i e l ds  and of the regions (when occurring) were consistent wi th the
deduced supergranular velocity cell flow. These motions were either along the

cell boundaries or towards the boundary. In addition to ephemer.rl region

expansion along supergranule boundaries , there were instances of network field

similar ly moving. For examp le , patches of field of both polarities were seen

to move fiom the west into the strong network (white) structure located at the

western edge of the magnetograms (Figures 3 and 8). The path followed by the

moving ne t work appears to be along a supergranule cell boundary .
The best examples of the effect of supergranule cell motion on the magnetic

network motion towards a cell boundary are the expanding magnetic cells

indicated by arrows in Figure 6 (see also Figure 3). However , only one expanding

network cell , located in the NW corner of the magnetagrams, showed a corresponding

53

-~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



velocity cell. The super-granular veloc ity cell was larger than the magnetic

network cell and only showed up on the 4 hour composite velocity picture shown

in Figure 8. The speeds of individual flux elements ranged from 0.3 to 0,5
;~~ 

~~~~~~~ consistent with observed horizontal velocities in super-granules. The

other expanding magnetic cell showed no corresponding velocity cell. It was ,

in fact , centered on the boundary between two super-granule cells. The velocities

of flux elements in this magnetic cell also measured between 0.3 and 0.5 km

One other interesting feature found in these data was the motion of flux

elements of both polarities from all direction. into a small area. The two

such areas found in the 2 October 1975 data are indicated by dashed ar-rows on

Figure 8. This phenomenon continued throughout a day ’s observation. Flux was

not observed to accumulate at the focal point of the moving flux; rather we saw

the disappearance of flux elements at these locations. In each instance the
focal point of the inf lowing flux elements was located at the junction of at

least 3 super-granules.

4.3. Discussion

It now appear s that the principal difference between the bipolar regions

we have studied and the larger active regions is the total amount of flux

available to the region during its development and the subsequent modification ,

if any, to the super-granulation velocity patter-n. Active Regions can be divided

into 3 broad groups distinguished by their size relative to super-granulation cells.

Most of the regions we have studied are less than 20,000 km at maximum development ,

that is , smaller than the surrounding supergranular cells. Their total fluxe8

are less than 1020 Mx; their lifetimes are 2-16 hour-s long. These regions do

not appear to alter the existing supergranulation velocity cells. The next

larger regions have fluxes in excess of 1020 Mx , extend over 30,000 to 40,000 kin
(comparable to the size of supergranules) and have lifetimes of 1-4 days.

These regions appear to occupy a super-granule cell and have lifetimes comparable

to the lifetime of a super-granule of 36 hours (Worden , 1975). The largest

Active Regions typically have total fluxes of about 2 x j~22 Mx (Sheeley , 1966),

span over many supergranule cells and have lifetimes from several days to

several weeks. These regions very likely modify the pre-existing supergranulation

velocity pattern. These divisions , although convenient in describing regions,

are arbitrary since the sizes and lifetimes of active regions for-in a continuous

spectrum from the largest and longest lived to the smallest and shortest lived.
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S . CI~NCLUS1ONS

Ic date our study has yi cl ded the following results:

(1) The birth and decay of ephemeral active regions is a frequent

occurrence. As many as 300 regions were estimated to form per hour in the

sunspot zone (N30 to S30) during the solar- minimum.

(2 )  Ephemeral active regions appear to alter the details of the existing
network fields by moving network flux elements , adding to the network flux , and

dissipating the network flux (and consequently , some of the region flux).

(3) The rate of flux increase (3.4 x io~~ Mx 8~~~ ) is comparable to the

rate of flux decrease —2.9 x 10 Mx s ) in these small bipolar regions.
(4) Ephemeral active regions appear and disappear near- the boundaries of

the sup.~rgranule velocity cells , but they do not appear to modify the velocity

pattern . Motions of ephemeral region components were observed parallel to the

cell botndar-ies.

(5) Ephemer al reg ion decay was comp lica ted process, being strong ly influenced

by the neighboring network fields. The decay of regions appeared to result from

the expansion into and absorption by network field , the emergence of a new

- ephemeral region in close proximity , the flow of network flux into the region ,

or by the merging and disappearance of smell elements of opposite polarity .

( 6) In time-lapse projection of our- magnetic f ie ld  data , we have observed
expandin ,; cells of network fields , junctures at network cell boundaries where

f i e ld s  d~.sappear- , and apparent motion of weak intercellular fields toward network

cell boundaries.

6. REC(MMENDATIONS FOR FUTURE WORK

The speculation that the difference between small bipolar regions and the

large active regions is in the amoun t of flux available to a region during its

growth should be verified or negated by future observations of the birth of

large regions.

High resolution observations in the polar regions and sunspot zones would

be of value in determining the rate of formation of ephemeral active regions as

a function of latitude. In addition , higher sensitivity magnetic field

observations than used for this study are needed to better define the spectrum

of active regions and the space occupied by them in the solar atmosphere.
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